The scrapie agent has been propagated in vitro in mouse neuroblastoma cells. To further characterize the tissue culture-derived scrapie agent, we studied the effects of protease and nuclease digestion on the agent derived from these cells. The scrapie agent in these cells was found to be resistant to protease digestions for short times but was inactivated by prolonged digestion at high protease concentrations. In contrast, digestion with a variety of nucleases did not alter the agent titer. These results demonstrate that the agent requires an essential protein or proteins for infectivity. If the agent also contains a nucleic acid genome, it must be more nuclease resistant than the majority of cellular DNA and RNA. These properties of the tissue culture-derived scrapie agent were identical to those of brain-derived scrapie agent and thus cannot be attributed to secondary effects of tissue pathology, since the infected cell cultures show no cytopathic effects as a result of infection.
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Scrapie is a slow transmissible disease of sheep and goats that has been experimentally transmitted to several animal species, including hamsters and mice. The precise biochemical nature of the transmissible agent isolated from infected animals is unknown (7) . Many investigators attempted to characterize the nature of the scrapie agent isolated from the brains of infected animals by treating brain homogenates with reagents that denature or digest proteins or nucleic acids. Infectivity from brain tissue was found to be resistant to protease digestion, except in the presence of denaturants or after prolonged digestions with high concentrations of enzyme (8, 12, 19, 20, 27, 29) . Nuclease digestions of crude or purified brain samples from scrapie-infected animals had no effect on the titer of the scrapie agent (8, 16, 17, 28) . In the absence of precise biochemical knowledge of the scrapie agent, these properties of partial protease resistance and nuclease resistance of the scrapie agent led some investigators to conclude that the agent lacked a conventional nucleic acid genome and consisted primarily, if not exclusively, of protein (1, 14, 24, 25) . However, the interpretation of these results is hampered by the fact that the preparations containing scrapie agent were derived from infected tissues. These tissues contain a complex mixture of cell types and often include severe degenerative lesions. Thus, properties attributed to the scrapie agent could be due to the association of the agent with by-products of these cells or to the disease pathology.
We and others have developed scrapie-infected mouse neuroblastoma cell clones that have a high percentage of infected cells and maintain the scrapie agent through many passages in culture (5, 30, 31) . No cytopathic effects have been observed in these cells. It is possible that the agent propagated in a homogeneous cell population in the absence of obvious cytopathic effects might exhibit characteristics different from those previously attributed to the agent derived from infected animals. Therefore, we examined the properties of the scrapie agent produced in these cells to determine whether the protease sensitivity and nuclease resistance previously reported for brain-derived agent were actual properties of the agent itself or were a consequence of association of the agent with by-products of diseased brain tissue.
We first analyzed the proteinase K (PK) sensitivity of the agent in cell lysates. Whole cell lysates, rather than partially purified fractions, were examined to ensure that the results obtained would reflect the characteristics of a large percentage of the scrapie agent particles. Infected cells were lysed in a detergent buffer (0.3 M sucrose, 0.2% Sarkosyl, 10 mM Tris hydrochloride, pH 7.4), and aliquots of the lysate were treated with 100 or 500 ,ug of PK per ml for 1, 4, or 16 h at 37°C. Control samples were treated identically except that PK was not added. The PK was inactivated with 1 mM phenylmethylsulfonyl fluoride, and the scrapie agent was titered in RML mice by using an endpoint dilution assay (Table 1) . After 1 h of incubation with either 100 or 500 ,ug of PK per ml, over 90% of cellular proteins were hydrolyzed, as detected by reduction in protein staining in sodium dodecyl sulfate (SDS)-polyacrylamide gels (data not shown); however, there were no decreases in the scrapie agent titers of the PK-treated lysates compared with the control sample. In contrast, incubation of the lysate with 500 ,ug of PK per ml for 4 h resulted in a 100-fold decrease in the scrapie agent titer. Further incubation for 16 h with 500 ,ug/ml produced a decrease of 104 50% lethal dose (LD50). These results indicated that the scrapie agent in neuroblastoma cells required a protein or proteins for infectivity. However, this component was more resistant to digestion than were the majority of cellular proteins.
In the brains and spleens of scrapie-infected animals, a PK-resistant form of an endogenous protein, PrP, accumulates. This PK-resistant PrP can aggregate into amyloidlike fibrils (9-11, 21, 28, 34) and plaques (2, 18, 32, 34) and has been postulated to be a component of the transmissible agent itself (4, 11, 20) . We have shown that a protease-resistant form of PrP accumulates in our infected cell lines (6) . Having shown that the infectivity in these cell lines was sensitive to prolonged PK digestion, we sought to determine whether the degree of PK resistance of PrP correlated with the PK resistance of the agent infectivity. The PK-resistant PrP (30) . The LD50s were determined by the Spearman-Karber method (13) , and estimated standard errors ranged from 0.1 to 0.3 log1o LD50. However, this was an estimate of the error within a single dilution series in each assay and appeared to be an underestimate of the reproducibility of the assay, as previous comparisons among repeated assays of the same material in our laboratory showed variability ranging from 0.3 to 1.0 log1o LD50 (data not shown).
c Significantly different from the value for the no-PK control, based on analysis of the titers as determined by using the normal distribution as the statistic.
could be digested under prolonged PK treatment, and this digestion resulted in the loss of infectivity in the sample (Table 2 and Fig. 1 ). This interpretation was in agreement with previous data from studies of hamster scrapie-infected brain homogenates (20) . However, the correlations in both of these studies are somewhat imprecise because of the large errors associated with the scrapie infectivity assay (+0.5 log10 LD50)-Experiments were also done to determine whether the scrapie agent from total cell lysates prepared from infected neuroblastoma cells contained an essential nucleic acid. A detergent lysate of the cells was prepared and treated with 1 ). All values are relative to signal from the 100-pLg/ml PK, 1-h sample.
Resistance was not determined in samples not treated with PK because PrP detection by Western blotting of such samples with many non-PrP proteins gives a barely detectable signal. The limit of detection of PK-resistant PrP was 4% of the signal from the 100->g/ml, 1-h sample. Treatment with PK for 1 h gave a strong PK-raesistant PrP signal and no reduction in infectivity ( PK at 100 ,ug/ml for 1 h. We showed previously that this protease digestion had no measurable effect on the scrapie agent titer, and it was thought that mild protease treatment might facilitate digestion of nucleic acids complexed with proteins. The PK was inactivated with phenylmethylsulfonyl fluoride, and the lysate was treated for 4 h at 37°C with a mixture of nucleases to hydrolyze both DNA (DNase I and micrococcal nuclease) and RNA (RNases A, T1, and T2).
After treatment, an aliquot was assayed for scrapie infectivity and the remaining DNA and RNA levels were measured by the method of Schneider (33) . The amount of DNA remaining in the sample was less than 0.2% of the starting concentration, and the RNA content was reduced to 0.7% of the initial concentration, indicating the enzymes were active in this reaction. However, the nuclease digestion had no measurable effect on the scrapie agent titer of the lysate (Table 3 , experiment 1). To test the possibility that nucleic acids might themselves be protecting a protein essential for infectivity (23) , we further digested the nuclease-treated sample with an additional 100 jig of PK per ml for 1 h. This treatment also did not significantly reduce the scrapie agent titer (Table 3 , experiment 1).
The nuclease sensitivity of the agent was also determined after pelleting at 215,000 x g for 2 h, since this is a common step in PrP and scrapie agent purification protocols (3, 15) . The high-speed pellet was resuspended in the detergent lysis buffer, digested for 1 h with PK at 100 ,ug/ml, and then treated with the mixture of nucleases. Again, despite significant nucleic acid digestion (Table 3, experiment 2) , no reduction in the scrapie agent titer was observed. Digestion of the pelleted sample with DNase I alone, or with the RNases alone also had no effect on the titer. Digestion with RNase H, a nuclease specific for RNA-DNA hybrids, also did not significantly reduce the titer. Thus, even in samples in which greater than 99% of the total nucleic acid was digested, no reduction of the scrapie agent titer was observed. It should be noted, however, that even though a large percentage of the total nucleic acid was digested, the The results of this study indicated that the scrapie agent propagated in neuroblastoma cells had properties of nuclease resistance and partial protease resistance similar to those of the agent derived from brain homogenates. Thus, these properties appeared to be intrinsic to the agent itself and did not result from its association with or modification by molecules present solely in homogenates of diseased brain tissue. These results support the concept that the scrapie agent requires a protein or proteins for infectivity. However, the required proteins appeared to be relatively resistant to protease digestion. The PK-resistant PrP in the infected cells might be one of the proteins necessary for infectivity of the scrapie agent. The protease resistance of PrP or other essential proteins could be due to conformational or chemical modification of the proteins or to tight association of the proteins with other cell components. One of the hallmarks of scrapie infection in animals is the accumulation of aggregates of PrP molecules at or near areas of pathology in the brain (11, 21, 22, 26, 28, 34) . Similar aggregation of PK-resistant PrP in the cell lysates might also result in PK resistance.
These results also showed that the agent from tissue culture cells, like that isolated from infected brain samples, was resistant to inactivation by nuclease digestion. Therefore, if the agent has a nucleic acid genome, it is more resistant to nuclease digestion than is most of the cellular nucleic acid. This might occur if the scrapie genome were complexed to other molecules that interfere with the nuclease digestion, although pretreatment of the lysate with PK did not make the agent nuclease sensitive. The scrapie agent genome could also have an unusual secondary structure that renders it resistant to nuclease digestion.
The availability of scrapie-infected tissue culture cells has allowed the biochemical analysis of the scrapie agent in the absence of gross pathological changes associated with the disease in animals, and further characterization of these cells should provide information regarding the genetic makeup of the infectious agent.
